Utilization of food by turkeys with abligated ceca. by Hunter, Jesse Elmo, 1901- et al.
UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE 
AGRICULTURAL EXPERIMENT STATION 
RESEARCH BULLETIN 136 
Studies on the Pathology and Physiology ·of 
the Cecal Pouches of Turkeys. II. The 
Utilization of Food by Turkeys 
With Abligated Ceca 
( Publication Authorized March 3, 1930) 
COLUMBIA, MISSOURI 
MARCH, 1930 
UNIVERSITY OF MISSOURI COLLEGE OF AGRICULTURE 
Agricultural Experiment Station 
EXECUTIVE BOARD OF CURATORS.-F. M. McDAVID, Springfield; MERCER 
ARNOLD, Joplin; H. J. BLANTON, Paris. 
ADVISORY COUNCIL.-THE MISSOURI STATE BOARD OF AGRICULTURE 
STATION STAFF, MARCH, 1930 
STRATTON DULUTH BROOKS, A.M., LL.D., President 
F. B. MUMFORD, M.S., D. Agr., Director S. B. SHIRKY, A. M., Asst. to Director 
MISS ELLA PAHMEIER, Secretary 
AGRICULTURAL CHEMISTRY 
A. G. HoGAN, Ph.D. 
L. D. HAIGH, Ph.D. 
W. s. RITCHIE, Ph.D. 
A. R. HALL, B.S. in Agr. 
E. W. CowAN, A. M. 
RoBE:RT BoucHER, }R., A.B. 
L. v. TAYLOR, A.B. 
RoBERT PILCHER, M.S. 
LUTHER w. RICHARDSON, A.M. 
U. S. AsHwORTH, A.B. 
AGRICULTURAL ECONOMICS 
0. R. JoHNsoN, A.M . 
BEN H. FRAME, A.M. 
F. L. THOMSEN, Ph.D. 
PRESTON RxcHARDS, B.S. in Agr. 
c. H. HAMMAR, Ph.D. 
AGRICULTURAL ENGINEERING 
J. C. WooLEY, M.S. 
MACK M. ]ONES, M.S. 
R. R. PARKS, B.S. in Agr. Eng. 
D. D. SMITH, B.S. in A.E. 
ANIMAL HUSBANDRY 
E . A. TROWBRIDGE, B.S. in Agr. 
L.A. WEAVER, B.S. in Agr. 
A. G. HoGAN, P h.D. 
F. B. MuMFORD, M. S. 
D. w. CHITTENDEN, A.M. 
M. T. FosTER, A.M. 
H . C. MoFFETT, B.S. in Agr. 
]. E. CoMFORT, B.S. in Agr. 
F. F. McKENZIE, Ph.D. 
BOTANY AND PHYSIOLOGY 
W . J. RoBBINs, Ph.D. 
I. T. SCOTT, Ph.D. 
DAIRY HUSBANDRY 
A. c. RAGSDALE, M. s. 
WM. H. E. REID, A.M. 
SAMUEL BRODY, Ph. D. 
c. w. TURNER, Ph.D. 
HARJ.Y HERMAN, B.S. in Agr. 
wARREN GIFFORD, A.M. 
E. R. GARRISON, A.M. 
M. E. PowELL, B.S. in Agr. ] . D. RINEHART, B.S. in A. 
J . B. McCRosKY, B.S. in A. 
M. N. CowsER, B.S. in A. 
ENTOMOLOGY 
LEONARD HASEMAN, Ph.D. 
T. E. BIRKETT, B. S. in Ed. 
*In service ofU. S. Department of Agriculture. 
FIELD CROPS 
w . c. ETHERIDGE. Ph.D. 
c. A. HELM, A. M. 
L. ]. STADLER, Ph.D . 
R. T. KIRKPATRICK, A. M. 
B. M. KING, A.M. 
Mtss CLARA FuHR, M.S.* 
w. R. TASCHER, Ph. D. 
S. F. GooDSELL, A.M. 
HOME ECONOMICS 
MISS MABEL CAMPBELL, A. M. 
Mtss ]ESSIE A. CLINE, A.M. 
Mtss BERTHA K. WHIPPLE, M.S. 
Mtss MARGARET C. RESSLER, Ph.D. 
Mzss ADELLA EPPEL, M.S. 
Mtss SYLVIA CovER, A.M. 
HORTICULTURE 
T. ]. TALBERT, A.M. 
H. G. SWARTWOUT, A.M. 
J. T. QuiNN, A.M. 
A. E . MuRNEEK, Ph.D. 
]. ERic BLANEY, B.S. in A. 
POULTRY HUSBANDRY 
H . L. KEMPSTU, M.S. 
EARL w . HENDERSON, A.M. t 
RURAL SOCIOLOGY 
E. L. MoRGAN, A.M. 
HENRY]. BuRT, A.M. 
MISS ADA c. NIEDERMEYER, A.M. 
WALTER BuRR, A.M. 
HowARD ]ENSEN, Ph.D. 
GEORGE A. GE"MELL, A.M. 
SOILS 
M. F. MILLER, M .S.A. 
H . H . KRUSEKOPF, A.M. 
w . A. ALBRECHT, Ph. D. 
HANS J ENNY, Ph.D. 
GEORGE Z. DooLAS, A.M. 
LLOYD TuRK, B.S. in Agr. 
HAROLD F. RHOADES, B.S.A. 
]AMEs F. LuTz, B.S.A. 
VETERINARY SCIENCE 
J. W. CoNNAWAY, D.V.M., M.D. 
0. s. CRISLER, D.V.M. 
A. J . DuRANT, A.M., D.V.M. 
ANDREW UREN, D .V.M. 
ELLMORE SANDERS, D.V.M. 
OTHER OFFICERS 
R. B. PRICE, B.L., Treasurer 
L ESLIE CowAN, B.S., Secretary 
A. A. ] EFFREY, A.B., Agricultural Editor 
]. F. BARHAM, Photographer 
Mrss ]ANE FRODSHAM, Librarian 
tOn leave of absence. 
Studies of the Pathology and Physiology of the 
Cecal Pouches of Turkeys. II. The U til-
ization of Food by Turkeys With 
Abligated Ceca 
}ESSE E. HuNTER, ADRIAN J. DuRANT, and ALBERT G. HoGAN. 
The disease:, "blackhead," or entero-hepatitis, has been recognized 
for many years as the most serious menace to the turkey growing indus-
try. Many kinds of treatment have been applied in the past, but none 
of them offer any hope of success. It is well known that the cecal pouches 
are the primary foci of infection, and recently one of the authors, A. J. 
Durant, has developed a new procedure1 • 2 • 3• 4• 5 which offers great promise. 
This consists in ligation, or bi-section, of the ceca so that the lumen is 
completely separated from the main gut, and there is no possibility of 
these organs serving as centers of infection. The organs are left in situ, 
so the mesenteric attachments are uninjured. 
The word "abligation" was originally coined to describe the opera-
tion of tying off the ceca. Mure recently the term has been extended to 
include any operation, either ligation or bi-section, which permanently 
prevents the interchange of material between the ceca and alimentary 
tract. 
The size and capacity of the ceca would lead one to expect them 
to play an important, if not a necessary, function in maintaining the 
normal condition of health and well-being. Evidently the usefulness 
of the operation would be seriously impaired if this expectation should 
be realized. As a matter of fact, however, on recovery from the 
operation the birds appeared entirely normal, and there was no reason 
to suspect any disturbance of the digestive or any other functions. 
The following quotation is taken from an article in Veterinary Medicine: 
"As judged by the egg-laying capacity of the birds), subsequent to the 
operation, the ceca do not appear to be essential organs of digestion or 
absorption." It seemed desirable, however, to apply other criteria also, 
so it was decided to use some of the birds for digestion trials. 
An estimation of the digestibility of poultry rations has always 
been difficult due to the fact that the urinary constituents and the in-
digestible residues of the ration are excreted together. The problem has 
been attacked by two different methods. In one an artificial anus is 
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made by an operative procedure to insure the mechanical separation 
of the urinary and fecal constituents. In the other a chemical procedure 
is used, on the assumption that the uric acid and ammonia present in 
the excreta are entirely of urinary origin. The operative method has been 
criticised because. the birds may be le,ft in an abnormal condition. Ex-
perimental justification of the chemical procedure is as yet incomplete, 
but it can now be used with more confidence. Katayama6 carried 
out a series of digestibility trials on two birds by the chemical method 
and afterwards operated on both birds, producing artificial ani, after 
which he was able to compare the coefficients obtained by the two pro-
cedures. The chemical method was used in the digestion trials described 
in this paper. 
EXPERIMENTAL 
An attempt was made to so select the turkeys that each abligated 
bird could be compared with a control of approximately the same age, 
weight, and sex. This effort was not entirely successful, however, as 
one of the experimental turkeys, No. 80, was considerably lighter than 
its control. Another discrepancy was possibly more serious. While 
the trial was in progress the other experimental bird, No. 75, was ob-
viously abnormal in one respect, the excreta were very watery. Other-
wise the turkey seemed entirely normal. A few days after the experiment-
al period ended, however, it was obviously sick, and died on the 7th 
day after leaving the laboratory. On post mortem examination a diagno-
sis of peritonitis was made, due to a slight leak from the site of the liga-
ture, applied approximately one year previously. 
The turkeys were confined in specially constructed metabolism 
cages. These had floors of heavy screen wire, with a mesh of one inch, 
and under these galvanized pans were suspended to catch the feces and 
urine. The excreta were collected daily and stored in an ice box to pre-
vent further decomposition. 
The containers for food and water were placed outside the cages, 
to prevent the birds from scattering their food and so mixing it with the 
excrement. The food container rested in a large pan, so scattered por-
tions of the ration could be recovered and weighed back. Each trial 
was divided into two parts. There were five days in the first period of 
the first trial, and seven days in the second period. In the second diges-
tion trial both periods were seven days long, and in all cases there were 
seven days in the fore period. 
In the first trial the disparity in weight between the birds was not 
great, so an effort was made to have them consume the same amount 
of food. This was not entirely successful, however, as in the second period 
Number Sex Operative 
of bird Condition 
75 <j? abligated 
17 <j? control 
80 d' abligated 
67 d' control 
Number Operative 
of Bird Condition 
75 Abligated 
17 Control 
80 Abligated 
67 Abligated 
TABLE I.-DEsCRIPTION OF TuRKEYS AND RECORD OF FooD CoNSUMPTI0/'1 
Age Age when ·Period Length of Weight 
Abligated Period -~itial -~ Final 
----
days days days grams grams 
Fore 7 5500 5790 558 181 Test I 5 5790 5570 
Test II 7 5570 5450 
Fore 7 5140 5300 558 Test I 5 5300 5050 
Test II 7 5050 4830 
Fore 7 5200 5480 256 44 Test I 7 5480 5400 
Test II 7 5400 5430 
Fore 7 6725 7000 
256 Test I 7 7000 7175 
T est II 7 7175 7300 
TABLE 2.- \VEIGHT OF NuTRIENTS CoNSUMED. 
Constituents of Ration 
Period Dry Ash Organic Protein Ether Crude 
!\'latter Matter Extract F iber 
grams grams grams grams grams grams 
Trial I 489 36.8 452 .2 113. 1 33 .0 17. 5 
Trial II 670 50.5 619 .5 155.6 45 .2 24 .0 
Trial 1 489 36.8 452 .2 113 .1 33.0 17 .5 
Trial II 552 41.6 510 .4 128.1 37 .2 19.8 
Trial I 896 67.5 828. 5 207 . 5 60.4 32 .1 
Trial II 905 68. 1 836.9 210.0 61.0 32 .4 ~Trial I 1195 90 .0 1105.0 276.9 80.5 42 .8 Trial II 1240 93.4 1146.6 287 .5 83.6 44.4 
Daily Food 
Intake 
grams 
109 
108 
106 
109 
108 
87 
143 
141 
143 
189 
189 
196 
Nitrogen-free 
Extract. 
grams 
288 . 6 
394 . 7 
288.6 
325 .3 
528 .5 
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704.8 
731.1 
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the control bird refused to consume all of its allotment. In the second 
trial there was a considerable difference in the weights of the birds, 
and the amount of food offered was in proportion to body weight. Ad-
ditional data, including age, weight, food consumption, and other de-
tails, are given in Table 1. 
The ration was one we had fed successfully to chicks, made up as 
follows: Ground wheat 65.5, liver meal 15.0, dried buttermilk 10.0, 
alfalfa meal 5.0, cod liver oil 2.0, calcium carbonate 1.5, and sodium 
chloride 1.0. The composition is given below: 
Moisture 
Nitrogen 
Crude protein 
Nitrogen-free extract 
Ether extract 
Crude fiber 
Ash 
9.46 per cent 
3.71 per cent 
23.19 per cent 
58.96 per cent 
6.74 per cent 
3.58 per cent 
7.53 per cent 
Additional data as to the quantity of food, and of nutrients, con-
sumed is given in Table 2. 
The excrement was kept in storage until the end of the experi-
mental periods. The collected material was then weighed, and after 
thorough mixing samples were taken for the determination of nitrogen, 
ammonia, and uric acid. A reserve of the moist material was retained, 
and the remainder was dried in a vacuum oven at a temperature of ap-
proximately 50°. The dry residue was used for the other analyses. 
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ANALYTICAL PROCEDURE 
The determinations of ash, nitrogen, ether extract, fiber; and mois-
ture were carried out by the usual methods. Uric acid was estimated by 
the procedure of Woodman\ and ammonia according to Foreman's 
method8• As has just been described, the following total values are ob-
tained directly: Dry matter, organic matter, nitrogen, ammonia, uric 
acid, ether extract, and ash. In order to obtain the values for dung nitro-
gen, dung extract, and dung organic matter, the equations of Katayama6 
were used: 
DungN. = (Excretory N.-(uricacidN.+freeNHa-N.)114.6%} 102.3%. 
Urinary Nitrogen=Excretory Nitrogen-Dung Nitr0gen. 
Urinary Organic Matter= Urinary Nitrogen X 3.26. 
Urinary Ether Extract= Urinary Organic Matter X 1.8%. 
In order that the method of calculation may be entirely clear the 
following example is taken from Table 3, Bird 17, I. 
Dung Nitrogen= (24.4-(10.2+3.3) 114.6%} 102.3% = 9.1 gms. 
Urinary Nitrogen =24.4-9.1 = 15.3 grams. 
Urinary Organic Matter=15.3X3.26=49.8 grams. 
Urinary Ether Extract=49.75 X 1.8% = .9 gram. 
The equations are used in calculating the data given in Table 3, 
and from these values the coefficients of digestibility in Table 4 are 
calculated. The data have also been recombined in Table 5, so as to 
obtain the coefficients for the entire time excrement was collected, either 
in 12 or 14 day periods. This method of calculation, however, did not 
appreciably alter the results. 
DISCUSSION 
Inspection of Tables 4 and 5 makes it evident that there are no 
consistent differences in the extent to which the various nutrients are 
digested. Futhermore, with one exception, the agreement among the 
coefficients of digestibility was as good as could reasonably be expected 
since all coefficients, except that of crude fiber, are calculated indirectly. 
The exception is the calculated digestibility of crude protein, for bird 
No. 75. In this connection it will be recalled that this turkey was abnor-
mal in one respect, the excreta were extremely watery. This abnormality 
was unusual, for in all, 6 abligated turkeys have been in the laboratory 
for examination, and this was the only case of that kind. Furthermore 
no other similar cases have been observed in Dr. Durant's experimental 
flock. However that may be, it is assumed that the low digestibility 
of crude protein noted in Bird No. 75 was in some way connected with 
the large volume of excreta, and with the necessarily frequent evacuation 
of the bowel. In this connection it will be noted that the other abligated 
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bird, No. 80, gave a higher coefficient for the digestibility of protein than 
did its control, No. 67. 
It is concluded, therefore, that the data give no evidence of a lower 
digestibility of rations as a result of cecal abligation. 
No. ot Operative 
Bird Condition 
75 Abligated 
17 Control 
80 Abligated 
67 Control 
No. of Operative 
Bird Condition 
75 Abligated 
17 Control 
80 Abligated 
67 Control 
TABLE 3.-WEIGHT OF CoNSTITUENTS IN ExcRETA (BY ANALYSIS AND BY CALCULATION) 
Period Fresh Dry Ash Organic Total Ether Crude NHa Uric Acid Material Material Matter Nitrogen Extract Fiber Nitrogen Nitrogen 
~ Triall 1400 194 37.2 156 .8 22.0 5.4 16.1 6.1 3.3 Trial II 1300 307 60.2 246 .8 28 ;9 5.1 24.1 3.1 9.0 
~ Trial! 1000 223 47.1 175.9 24.4 4.2 17. 7 3.3 10.2 Trial II 650 226 44.8 181.2 27.0 3 .3 18 . 1 2 .3 13.2 
~Trial I 965 321 54.4 266 .6 24.5 5.5 30.8 2.6 9.3 Trial II 735 317 56.0 261.0 24.8 6.5 30.3 2.2 8.2 
~Trial I 1345 396 81.3 314.7 34.8 9.9 40 .7 2.8 11.5 Trial II 1365 484 101.8 382.2 41.6 10.6 42.2 3 .0 14.3 
Period Dung Urinary Urinary Urin ary Dung Dung Dung Dung Nitro-Nitrogen Nitrogen Organic Ether Organic Ether Protein gen Free 
Matter Extract Matter Extract Extract 
Trial I 11.5 10.5 34.3 0.62 122 .5 4.8 71.8 29.9 Trial II 15.4 13.5 44.1 0.79 202.7 4.3 96.1 78 .2 
Trial I 9.1 15.3 44.8 0 .90 126.2 3 .3 57.1 48.0 Trial II 9.5 17 .6 57. 2 1.03 124.0 2.3 59.1 44. 6 
Trial I 11.1 13.4 43 .7 0.79 223 . 0 4 . 7 69.4 118.1 Trial II 13.2 11.6 37 .9 0 .68 223 . 1 5.8 82.4 104 .6 
Trial I 17 . 8 17.0 55 .4 1.00 259. 3 8.9 111.2 98 .4 Trial II 23 .3 19.3 63. 0 1.13 314 .2 9 .5 139 .2 128.3 
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TABLE 4.-CALCULATION oF CoEFFICIENTS OF DIGESTIBILITY. 
Organic Matter Crude Protein Ether Extract Crude Fiber 
Data Required tor 
Abligated Control Abligated Calculati'ons Control Abligated Control Abligated Control 
Number ol bird 75 I 17 I 75 I 17 I 75 I 17.! 75 I 17 I 
Food Consumed 
grams 452.2 452.2 113.1 113.1 33.0 33.0 17.5 17.5 
Dung excreted 
122.5 71.8 gr.hms 126.2 57.1 4.8 3.3 16.1 17.7 
Food digested 
- -329.7 grams 326.0 41.3 56.0 28.2 29.7 1.4 -0.23 
Coefficient ot 
diges ti bili ty 72.9 72.1 36.5 49.5 85.5 90.0 8.0 
Number ol bird 75 II 17 II 75 II 17 II 75 II 17 II 75 II 17 II 
Food consumed 
grams 619.5 510.4 155.6 128.1 45.2 37.2 24.0 19.8 
Dung excreted 
gra'ms 202.7 124.0 96.1 59.0 4.3 2.3 24.1 18.1 
Food digested 
59.5 grams 416.8 386.4 
Coefficient ol 
69.1 40.9 34.9 -0.1 1.7 
diges ti hili ty 67.3 75.8 38.2 53.9 90.5 93.8 8.6 
Number ot bird 80 I 67 I 80.1 67 I 80 I 67 I 80 I 67 I 
Food consumed 
grams 828.5 1105.0 207 .5 276.9 60.4 80.5 32.1 42.8 
Dung excreted 
grams 223.0 259.3 69.4 111.3 4.7 8.9 30.8 40 .7 
Food digested 
grams 605.5 845.7 138 .1 165 .6 55.7 71.6 1.3 2. 1 
Coefficient ol 
digestibility 73.1 76.5 66 .6 59.8 92.2 88.9 4.2 5.0 
Nitrogen-tree Extract 
Abligated Control 
75 I 17 I 
286 .6 286.6 
29.9 48.1 
256.7 240.5 
89.6 83.3 
75 II - 17 II 
394.7 325.3 
78.2 114.6 
316.5 280 .7 
80.1 86.3 
80 I 67.) 
528.5 704.8 
158.2 98.4 
410.4 606.4 
77.6 86.0 
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TABLE 4.-CALCULATION OF CoEFFICIENTS OF DIGESTIBILITY (CoNTINUED). 
Number ot bird 80 II 67 II 80 II 67 II 80 II 67 II 80 II 67 I 80 II 67 II 
Food consumed 
grams 836.9 1146.6 210.0 287 .5 61.0 83.6 32.4 44.4 533.5 731.1 
Dung excreted 
grams 223.1 319.2 82.3 139.2 5.8 9.5 30.3 42.2 104.7 128.3 
Food diges ted 
grams 613.8 827.4 127.7 148 .3 55.2 74.1 2.1 2.2 428.8 602.8 
Coefficient o t 
digestibility 73.3 72.2 60.8 51.9 90.5 88.6 6.3 4.9 80.4 82.5 
TABLE 5.-COEFFICIENTS OF DIGESTIBILITY, ENTIRE PERIOD 
Number of Operative Condition Length of Organic Matter Crude Protein Ether Extract Crude Fiber Nitrogen-tree 
bird Period Extract 
days 
75 Abligated 12 69.7 37.5 88.4 3.1 84.2 
17 Normal 12 74.0 51.8 92.0 4.0 84.9 
80 Abligated 14 73.2 63.6 91.4 5.3 79.0 
67 Normal 14 74 .3 55.6 88.8 4.9 I 84.2 
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